Meloxicam is a new non-steroidal anti-inflammatory drug (NSAID), which has a higher activity against cyclooxygenase-2 (COX-2) than against cyclooxygenase-1 (COX-1), with potentially high anti-inflammatory and analgesic action. This study was designed to assess the long-term safety and efficacy of meloxicam 15 mg daily. Three hundred and fifty-seven patients (aged 19-84 yr, mean 56 yr) with rheumatoid arthritis (RA) received meloxicam 15 mg orally once dairy, for up to 18 months. Sixty-six per cent of patients remained on therapy for 18 months. Mean global efficacy, assessed by each patient on a visual analogue scale (0 cm = excellent, 10 cm = useless), was 3.32 ± 3.1 cm at the last study visit (all patients included) and 2.33 ± 2.25 cm afteT 18 months. Health status, general condition, morning stiffness, grip strength of right hand, Ritchie joint index, pain in the morning and pain at night all improved significantly. Efficacy was maintained throughout the study. Only 11.4% of patients discontinued prematurely due to lack of efficacy. Mean global tolerance was good. Twenty-eight per cent of patients experienced gastrointestinal (GI) adverse events, 21% musculoskeletal system disorders, 18% skin disorders and 15% respiratory disorders. Only 13.7% of patients discontinued due to adverse events. Severe GI effects, such as perforation, ulcer and bleeding, occurred in only three patients (0.8%). Withdrawals due to GI adverse events occurred in 3.9% of patients. Meloxicam 15 mg once daily was effective and compared favourably with standard NSATDs regarding tolerance when administered to patients with RA over an 18 month period.
3 weeks to 6 months have demonstrated that the efficacy of meloxicam 7.5 mg and 15 mg/day in the treatment of patients with rheumatoid arthritis (RA) is comparable to naproxen 750 mg/day [1] and piroxicam 20 mg/day [2] . Meloxicam is a new non-steroidal antiinflammatory drug (NSAID) that has been shown in preclinical studies to have a favourable activity against cyclooxygenase-2 (COX-2) [3] . The safety of meloxicam in these trials of up to 6 months compared favourably with that of the comparator drugs. Therefore this study was designed to assess the long-term safety and efficacy of meloxicam 15 mg daily used where necessary in conjunction with common second-line antirheumatic therapies.
PATIENTS AND METHODS
In this non-comparative trial, patients were recruited from 31 centres located in France, Germany, the UK, the Netherlands and Croatia. The study was reviewed or approved by the Ethics Committee of each institution taking part and was conducted in accordance with the provisions of the Declaration of Helsinki 1974 (version of Venice 1983) and GCP criteria. All patients gave informed consent to participate in the study.
Male and female patients aged 18 yr or older were recruited. All patients suffered from RA as defined by the American College of Rheumatology criteria and required anti-inflammatory therapy. 
Exclusion criteria
Patients who had taken part in other clinical trials within the last month were excluded from the study, together with those with other rheumatological or non-rheumatological diseases, e.g. collagenosis, dermatomyositis, gout, infectional arthritis, sarcoidosis, psoriasis, ankylosing spondylitis or Still's disease. Patients with active peptic ulceration during the previous 6 months, severe cardiac, hepatic or renal disease, bronchial asthma or known hypersensitivity to analgesics, antipyretics and NSAIDs, were also excluded. If abnormal laboratory values were found at baseline which were not considered to be secondary to RA, but were thought to be clinically relevant by the investigator, the affected patients were not permitted to enter the study. Patients receiving anticoagulants or lithium were excluded. Finally, pregnant or breastfeeding women and women not using adequate contraception were excluded from the study.
Treatment medication
Meloxicam was supplied by Boehringer Ingelheim as 15 mg capsules, one capsule to be taken each day after breakfast Compliance was assessed by the dispensing record and the number of trial medication capsules taken. Non-compliant patients were withdrawn from the study.
Second-line antirheumatic treatments were permitted providing the patient had been stabilized for at least 3 months before the start of the study. Any changes in dose were recorded. A protocol amendment was made during the study allowing changes of second-line treatment, to account for the fact that the severity of O 19% British Society Tor Rheumatology
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RA and the degree of joint destruction in the individual patient may vary considerably during the study period. Originally the use of low-dose oral corticosteroids was acceptable, at a maximum dose of prednisolone 7.5 mg equivalent daily, stabilized for at least 1 month. However, the protocol was amended during the study to allow doses >7.5 mg. The type and daily dose of glucocorticosteroids were chosen at the discretion of the investigator. The use of intra-articular injections of both short-and long-acting steroids was also acceptable. Physiotherapy could be continued during the study. Paracetamol (500 mg tablets) was supplied as rescue medication and a record was kept of its usage. If another rescue analgesic was taken, the same analgesic was used throughout the study and a record kept. Analgesics containing an NSAID were not allowed.
Efficacy assessment
Patients were assessed before enrolment to the study, on day 0 before the start of treatment, on day 14 and 1, 2, 3, 6, 9, 12, 15 and 18 months after the start of therapy. There were two primary endpoints for assessment of efficacy. At the last visit, global therapeutic efficacy was assessed by the patient on a 10 cm horizontal visual analogue scale (VAS: 0 cm = excellent; 10 cm = useless). The number and timing of withdrawals due to inadequate effect was also recorded.
There were eight secondary endpoints for efficacy which were assessed at each visit. Difficulties in performing activities of daily life were assessed using a modified form of the Stanford health questionnaire [4, 5] . The assessment was rated on a four point scale (1 = without any difficulty, 4 = unable to do). General condition was assessed by the patient using a 10 cm VAS (0 cm = best ever, 10 cm = worst ever). Pain at night and in the morning were also assessed on a 10 cm VAS (0 cm = no pain; 10 cm = unbearable pain). Duration of morning stiffness and tenderness of the joints was assessed using the Ritchie joint index [6] . Grip strength of both hands was measured by means of a Martin Vigorimeter® [7] . The acute phase reactants, C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR), were determined.
Tolerability assessment
Global tolerance was used as the primary endpoint for safety assessment, measured by the patient at the last visit (VAS: 0 cm = excellent; 10 cm = extremely bad). In addition, the occurrence of adverse events and of withdrawals due to poor tolerance were recorded at each visit. The investigator or clinical monitor assessed whether the adverse events were related to drug therapy using the method of Karch and Lasagna [8] .
Laboratory assessments of clinical chemistry, haematology and urinalysis were performed together with measurement of meloxicam plasma concentrations.
Statistics
Data from all enrolled patients were included in an intention-to-treat analysis. Withdrawals and missing data were handled by carrying forward the last available value for each parameter.
Changes from baseline regarding continuous parameters of efficacy and safety and meloxicam plasma concentrations were evaluated by paired /-tests, whereas data on nominal or ordinal scales (number of withdrawals, Stanford health questionnaire, Ritchie joint index) were analysed descriptively. Incidence, time, severity and causal relationship of the adverse events were tabulated by the World Health Organization body system organ class and crude as well as hazard rates were estimated. The evaluation of laboratory values was done by score analysis referring to the normal ranges of the parameters [9] . Furthermore, the values were checked for clinically relevant changes.
The sample size estimation was based on the CPMP guidelines for long-term treatment [10] , which recommends that at least 200 patients be studied in an open design. A double-blind comparison was deemed to be inappropriate. The selected number of 300 patients was aimed to achieve sufficient long-term safety and efficacy data from 15 mg meloxicam given once daily.
RESULTS
The 31 centres recruited a total of 357 patients (94 males, 263 females). Their mean age was 56 yr (range 19-84 yr). All patients suffered from RA and required anti-inflammatory therapy. Characteristics of RA at baseline of all enrolled patients are listed in Table I . Fifteen patients were not treated due to abnormal baseline laboratory results (six patients), withdrawal of consent (one patient), concomitant disease regarded as an exclusion criteria (four patients), and withdrawal by the investigator (four patients).
Efficacy
Global efficacy at the final visit as assessed by the patient on a 10 cm horizontal VAS (mean ± S.D.) was 3.32 ±3.1 cm (n = 327). Patients who completed the study rated the global efficacy at the final assessment better (2.33 ± 2.25 cm; n = 229) than patients who discontinued prematurely (5.65 ± 3.43 cm; n = 98).
Therapeutic efficacy improved throughout the duration of the trial in the patients who did not discontinue prematurely. The assessment changed from 4.37 ± 2.50 cm on day 14 (n = 330) to 2.54 ± 2.29 cm at month 18 (n = 232). The time course of efficacy reached a plateau ~6 months after start of therapy ( Fig. 1) .
Discontinuation of the trial due to lack of efficacy occurred in 11.4% of the patients. Withdrawals occurred during the whole study period with most of these patients (7.3%) discontinuing within the first 3 months. Concomitant therapy with second-line treatment, intra-articular injections or therapy with corticosteroids, as well as being aged 65 yT or less, were associated with a significantly higher rate of discontinuation due to lack of efficacy (P < 0.05).
The secondary variables, health status, general condition, pain in the morning, pain at night, morning stiffness and Ritchie joint index, improved significantly during treatment when comparing baseline values with values obtained at 6, 12 and 18 months, and at the last evaluation (i.e. at the last regular visit or early withdrawal) (Table II) . Grip strength of the right hand demonstrated improvement after 6 and 12 months compared with baseline. Grip strength of the left hand improved significantly after 6 and 18 months and at the last evaluation, but not on examination after 12 months of treatment (Table II) . ESR and CRP did not change throughout the study period except for the last ESR value, which was slightly higher than the baseline value.
Safety
All 357 patients were included in the safety analysis. Final global tolerance as assessed by the patient on the VAS (mean ± S.D.) was rated as 0.90 ± 1.25 cm after completion of treatment (18 months) or 1.59 ± 2.3 cm after completion or early withdrawal. Patients who completed treatment assessed tolerance better (0.90 ± 1.25 cm) than those who discontinued treatment (3.20 ± 3.15 cm). The longer the disease had been present the better the global tolerance was rated. Age, weight and sex had no influence on this parameter. Patients being treated with second-line drugs, intra-articular injections and corticosteroids rated global tolerance better than patients not taking these concomitant medications.
Assessment of global tolerance improved during the course of the trial in the patients who did not discontinue the trial prematurely. The assessment changed from 1.86 ± 2.19 on day 14 (n = 330) to 1.01 ± 1.40 at month 18 (/» = 232) ( Fig. 2) .
A total of 802 adverse events occurred in 249 (69.7%) patients during the whole treatment period. One hundred and sixty GI adverse events (19.9% of all adverse events) were reported in 99 (27.7%) patients. Three patients (0.8%) were diagnosed to have upper GI ulcers, and experienced nausea and vomiting. The other commonly reported adverse events included skin disorders (17.9% of patients), musculoskeletal system disorders (21.0% of patients) and respiratory system disorders (15.4% of patients).
Discontinuations due to adverse events occurred in 13.7% patients. Eighteen of these patients (5%) suffered GI disturbances and are described in Table III . The remainder suffered adverse events affecting: liver function (mild to moderate raised enzyme concentrations of the liver function tests; four patients), skin and appendages (five patients), the genitourinary system (three patients, comprising two patients with proteinuria and one patient with haematuria), the cardiovascular/pulmonary system (six patients) and the nervous system (seven patients). A further four patients discontinued following four adverse events not fitting into any of these categories (femur neck fracture, shivers and uneasy feeling, lethargy, and bleeding in the vitreous body with retinal detachment).
Serious adverse events occurred in 42 (11.7%) patients. Seventeen of these serious adverse events were admissions to hospital due to RA for routine examinations or scheduled operations. One serious adverse event, colitis, was judged by the investigator to be probably related to treatment with meloxicam. The investigators considered three adverse events to be possibly related to treatment (ocular haemorrhage, diarrhoea and pyelonephritis). The relationship to the study medication for the remaining 21 serious adverse events was listed as conditional or doubtful by the investigator. Two patients died, one from pneumonia or cardiac failure 3 months after completion of the study. Neither death was considered to be related to meloxicam treatment. Descriptive statistical evaluation of laboratory data revealed no clinically relevant changes except for those already described as adverse events.
Meloxicam plasma concentrations
Plasma concentrations (mean ± S.D.) on day 14 were similar to those obtained after 12 and 18 months of treatment (1.34 ± 0.91 ug/ml, n = 130; vs 1.34 ± 0.87 ug/ml, n = 107 and 1.41 ± 0.94 ug/ml, n = 85, respectively). Therefore, no accumulation is to be expected during long-term meloxicam therapy. Plasma levels (mean ± S.D.) were 26% higher in patients aged >65 yr than in those obtained in patients aged 65 yr or less (1.65 ± 0.59 g/ml, n = 29; vs 1.31 ± 0.70 g/ml, n = 108, respectively; P = 0.0185).
No effect on weight adjusted plasma levels was observed with concomitant diuretic therapy (n = 137).
DISCUSSION
The efficacy of meloxicam at various doses in the short-term treatment of RA has already been demonstrated in a number of clinical trials [1, 2, 11, 12] . In one study [12] , patients were treated with meloxicam 7.5 mg or 15 mg daily for 3 weeks. The symptoms of RA improved on both doses, but there was a trend towards greater efficacy with the higher dose. The study described in this paper shows that the efficacy of meloxicam 15 mg daily is maintained in the long-term management of the symptoms of RA. Over the 18 month treatment period there was a statistically significant improvement of signs and symptoms of RA when compared with baseline. Discontinuation due to lack of efficacy occurred in 11.4% of patients. This figure is comparable with data for indomethacin (8.5%), naproxen (13.0%) and diclofenac (11.3%) obtained after 2-3 yr of treatment in a prospective drug survival study [13] .
Patients who were concomitantly treated with other antirheumatic agents such as second-line drugs, intraarticular corticosteroids or oral corticosteroids were more likely to discontinue the study prematurely, possibly due to a more severe disease state. More than half of the patients discontinued within the first 3 months, suggesting that a majority of patients who are satisfied by their therapy by month 3 will continue. Compliance with meloxicam therapy was good, with a high number of patients remaining on therapy at the end of the trial. As expected, patients who completed the study rated efficacy better than those who withdrew before the end. The efficacy of meloxicam was maintained throughout the study period.
GI tolerance of meloxicam at a dose of 7.5 mg daily has been reported to be superior to that of naproxen 750 mg daily [1] , and at a dose of 15 mg daily to be superior to piroxicam 20 mg daily [2] . As described in Results, ~28% of all patients experienced GI adverse events, the most common being nausea, vomiting and gastric pain. This figure of 28% is expected for an open long-term treatment of 18 months. In the double-blind trials up to 6 months meloxicam 15 mg showed a rate of 18% for GI adverse events. This figure was significantly lower (P < 0.05) than the rate for piroxicam 20 mg, diclofenac 100 mg SR and naproxen 750-1000 mg [14] . Three patients (0.8%) experienced uncomplicated upper GI ulcers that resolved without problems. In one of these patients the diagnosis 'ulceration' was made solely on clinical grounds without performing an endoscopy or X-ray. No perforated or bleeding ulcers were reported. The incidence of severe GI adverse events (ulcer, bleeding, perforation), however, was less than that observed with other NSAIDs [15] . Data from double-blind clinical trials with meloxicam 15 mg showed significantly less perforations, ulcerations and bleeding than diclofenac 100 mg SR, piroxicam 20 mg and naproxen 750-1000 mg. The frequency of severe GI adverse events is dependent on the duration of treatment. For example, in the USA the rate of severe GI adverse events for all NSAIDs except nabumetone is 2-4% for a treatment duration of 1 yr. For nabumetone 1000 mg, which is comparable in efficacy to naproxen 500 mg, a rate of 0.5-0.8% was maintained for a treatment duration of 1-2 yr [16] . Therefore a rate of 0.8% for severe GI adverse events with meloxicam 15 mg over 18 months treatment duration compares favourably with other NSAIDs.
During the 18 month study period 13.7% of patients discontinued due to adverse events. In a previous study evaluating diclofenac, indomethacin and naproxen in long-term treatment, 19, 41 and 14% of patients respectively were withdrawn within a year due to adverse events [13] ; the most common side-effects leading to withdrawal were of GI origin. The apparently lower risk of serious and non-serious GI adverse events with meloxicam when compared with other NSAIDs may be due to its selective inhibition of COX-2 [3] , which is induced by inflammatory mediators under pathological conditions, over COX-1, which is responsible for physiological processes, e.g. protection of the stomach.
NSAIDs may affect renal function, especially in patients whose renal function is already impaired [17] . However, meloxicam was well tolerated, except in two patients who reported proteinuria. This was judged to be caused by concomitant gold therapy or chronic pyelonephritis respectively, so no clear causal relationship to meloxicam could be established. In this study the plasma levels of meloxicam were increased by 26% in patients aged >65 yr when compared with younger patients. The magnitude of this effect is not of clinical relevance, as described earlier in more detail [18] .
The skin reactions observed in this study may have been caused by meloxicam since skin reactions have been reported with other NSAIDs. NSAIDs are also known to influence liver enzyme laboratory parameters. Four patients had mild to moderate elevations of liver enzyme values. In three of these, however, this adverse event could not be clearly related to meloxicam administration as the patients were taking other potentially liver damaging drugs at the same time (gold, paracetamol, alcohol) or had elevated enzymes recorded at baseline.
CONCLUSION
In conclusion, the results of this study are consistent with previous experience with meloxicam and confirm that meloxicam 15 mg, administered once daily over a period of up to 18 months, is effective and well tolerated in the treatment of the symptoms of RA. The rate of gastrointestinal adverse events, such as dyspepsia, abdominal pain and perforations, ulcerations and bleedings, compare favourably with standard NSAIDs; this may be explained by the COX-2 selectivity of meloxicam.
